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SUMMARY 
The net heat of combustion of the product formed by the reaction of 
diborane with 1,3-butadiene was found t o  be 18,700 * 150 Btu per pound 
fo r  the  reaction of l iquid f u e l  t o  gaseous carbon dioxide, gaseous water, 
and so l id  boric oxide. The measurements were made i n  a Parr oxygen-bomb 
calorimeter, and the combustion w a s  believed t o  be 98 percent complete. 
The estimated net heat of combustion fo r  complete combustion would there- 
fore  be 19,075 * 150 Btu per pound. Since t h i s  value i s  approximately 
the same as  the  heat of combustion of butadiene, it seems cer tain t h a t  
"S 
the material  i s  p a r t i a l l y  oxidized. 
INTRODUCTION 
A t  the request of the Bureau of Aeronautics, Department of the  Navy, 
the NACA i s  part ic ipat ing i n  a project (project z ip)  aimed a t  the discovery 
and evaluation of cer tain high-energy fuels .  The NACA w i l l  determine the 
fundamental flame velocity, heat of conibustion, and possibly other combus- 
t i on  properties of f u e l  samples submitted by companies par t ic ipat ing i n  
the  project as contractors t o  the  Bureau of Aeronautics, Department of the 
Navy. 
A sample of material formed by the reaction of diborane with 1,3- 
butadiene was received from the Mathieson Chemical Corp., and the heat 
of co~ribustion of t h i s  material has been measured i n  a Parr oxygen-bomb 
calorimeter. Although the precision of the  data i s  not equal t o  tha t  ob- 
tained fo r  hydrocarbons or f o r  the alkylsilanes previously published by 
the NACA ( re fs .  1 and 2), t h i s  report  was prepared a t  the NACA Lewis lab- 
oratory t o  make the data available as  soon as possible. 
B 
TEST SPECIMEN 
,*, 
A sample of the  product, which was obtained from the Mathieson Chemical 
Corp. i n  a sealed 50-mil l i l i ter  f lask,  was stored a t  o0 C u n t i l  ready fo r  
use. The analyt ical  data of table  I were also sent by the company. The 
nature of the material  was unknown; however, it was s tated tha t  it was a l -  
most cer tainly an impure compound. The material was a yellow viscous f l u i d  
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containing a f ine  white precipi ta te  tha t  i s  now believed t o  'be boric oxide 
or  some intermediate oxidation product of boron. Tests i n  t h i s  laboratory H 
indicated t h a t  it reacts  rapidly i n  a i r  and igni tes  spontaneously i n  an 
oxygen-enriched atmosphere. Fractions of the  product were t ransferred i n  
a helium-filled dry box in to  small glass bulbs, capped, and then sealed as 
quickly as  possible. The quantity of l iquid used i n  a run varied from 
0.25 t o  0.45 gram. The product seemed t o  become more viscous on standing 
and, consequently, more d i f f i cu l t  t o  t ransfer  in to  the glass bulbs. 
Lo 
(D 
0 
APPARATUS AND P R ~ E D U R E  M 
The apparatus consisted of a Parr adiabatic calorimeter equipped 
with an I l l i u m  constant-volume bomb and a mercurythermometer tha t  could 
be read t o  &0.005° F. The bomb was calibrated with standard benzoic acid 
supplied by the Parr Instrument Company. The samples were introduced 
into small glass  bulbs i n  a helium-f lushed dry box by means of a hypo- 
dermic syringe. Enough l iquid was introduced so tha t  a t  room temperature x 
the l iqu id  occupied the en t i re  volume. In  order t o  make a determination, 
the bulb was  attached t o  the i ron igni t ion wire with a preweighed piece 
of cellulose tape, a perforated nickel crucible was placed around the  bulb, 
and the bomb was f i l l e d  with 25 atmospheres of oxygen. The heat generated 
by t h e  burning of the wire and cellulose tape caused the l iquid  t o  rupture 
the glass  bulb and burn. 
I n  sealing-off the glass  bulbs, a small amount of carbonization in- 
variably resul ted a t  the point where the sea l  was made. However, t h i s  
did not involve any significant amount of material. 
Attempts were a l so  made t o  burn samples of the product i n  gelat in  
capsules. The capsules were weighed and f i l l e d  with l iquid  i n  the dry 
box. They were then weighed again as quickly a s  possible and the seam 
was wrapped with a preweighed piece of cellulose tape which a lso  served 
t o  at tach the capsule t o  the igni t ion wire. Such samples warmed up 
s l igh t ly  while they were being weighed and were apparently undergoing 
slow oxidation during t h i s  par t  of the handling procedure. 
Carbon dioxide formed i n  the conibustion was absorbed i n  Ascarite 
a f t e r  the  gas had been dried by passage through Amhydrone. When a l l  the 
gas had been flushed out with f resh  oxygen, the bonib was opened and ex- 
amined f o r  signs of incomplete combustion. It was then washed with dis- 
t i l l e d  water and the washings were t i t r a t e d  t o  determine n i t r i c  acid 
formed by the oxidation of the atmospheric nitrogen during the  co&us- 
t ion. The f i n a l  s tep was t o  remove metals i n  solution with barium carbo- 
nate and t i t r a t e  for  boric ac id  ( r e f .  3) using a Fisher Titrimeter. 
I n  order t o  check the carbon analysis obtained during the  measure- 
ment of the heat of combustion, two separate analyses were made. The 
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samples, contained i n  glass  bulbs, were placed i n  a special  bomb which 
could be heated t o  high temperatures i n  order t o  give as  complete oxida- 
t i on  as  possible. The bomb was pressurized with 25 atmospheres of oxy6en 
and heated t o  red heat f o r  1/2 hour. It was then cooled and the combus- 
t i o n  gases were absorbed in Ascarite. 
RESULTS AND DISCUSSION 
f l  
? 
n Five determinations were made using the l iquid- f i l led  glass  bulbs; 
the  three most consistent runs are  given i n  tab le  11. The other two 
values are  not included because a visual  inspection of the bomb showed 
tha t  the combustion was not suf f ic ien t ly  complete. The heats of combus- 
t i on  are  the gross uncorrected values determined d i rec t ly  i n  the bomb 
with gaseous carbon dioxide, l iquid water, and sol id  boric acid as the 
combustion products and with par t  of the boric acid dissolved iq the 
water present i n  the bomb. This gross heating value i s  19,887 ;t. 150 Btu 
per pound. The determined percent carbon, as  carbon dioxide, was much 
T above the Matheson value, whereas the percent boron was considerably be- 
low the s tated value. 
E. I n  order t o  convert the uncorrected gross value t o  a corrected net 
value, it was necessary t o  know the chemical composition of the  product. 
The analysis obtained from the combustion process give a B/C r a t i o  
very close t o  114. This i s  also the B/C r a t i o  f o r  tetraethyldiborane, 
which i s  formed by the reaction of diborane with ethylene, Although 
t h i s  does not prove tha t  the Matheson product i s  m u r e  tetraethyldibo- 
rane, it seems reasonable, in  view of the lack of information regarding 
iits composition, t o  consider it as  such f o r  the  purposes of correcting 
the gross heating value obtained. 
The f i r s t  two corrections applied t o  the raw data are thosq used 
with tetraethyldiborane ( re f .  4) : 
1. Conversion from a constant-volume process t o  a constant-pressure 
process, +4.1 kilocalories per mole, 
2. Correction fo r  the heat of hydration of boric oxide t o  boric acid 
and the heat of solution of par t  of the acid so formed, -16.0 kilocalories 
per mole (ref .  5).  
Corrections 1 and 2 r e su l t  i n  a value of 19,734 Btu per pound fo r  the re-  
"1 action I 
A fur ther  correction i s  needed t o  yield the net heat of conibustion. 
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3, Correction f o r  the la tent  heat o$ vaporization of the water formed 
during combustion, assuming the sample contains 11 percent hydrogen (table 
I), - 1028 Btu per pound. a* 
Thus, the  heat of combustion t o  gaseous water, gaseous carbon diox- 
ide, and sol id boric oxide becomes 18,706 f 150 Btu per pound, which is  
rounded off t o  18,700 f 150 Btu per pound. 
This value i s  considered t o  be somewhat lower than the actual  heat- 
ing value of the material f o r  the following reasons: In  a l l  cases, small 
amounts of black material were found among the  combustion products. This 
material was insoluble i n  hot n i t r i c  acid and is probably carb'on. Also, 
i n  sealing-off samples i n  glass  bulbs, some carbonization invariably re-  
sulted a t  the seal-off point. 
To determine how large these errors  might be, two types of experi- 
ments were performed i n  an ef for t  t o  burn completely the carbon i n  a 
sample and compare t h i s  value with the  carbon analysis obtained from the 
Parr bomb. 
Several samples were burned i n  a heavy walled s tainless-steel  bomb 
which was f i l l e d  with 25 atmospheres of oxygen and heated t o  red heat for  
112 hour. The carbon dioxide formed w a s  absorbed i n  Ascarite and gave* 
the following results! 
Run 1 percent carbon = 68.2 -
Run 2 percent carbon = 66.0 -
An effort  was made t o  determine the  heat of combustion of samples 
of the material sealed i n  gelat in capsules of known composition. Un- 
fortunately, a l l  such attempts gave ignition before the bomb could be 
placed in the calorimeter bath, In  two experiments, the  s q l e  ignited 
spontaneously when only 5 or  6 atmospheres of oxygen were present i n  the 
bomb, which indicates tha t  the  rnaterial i s  spontaneously inflammable i n  
an oxygen-enriched atmosphere. However, two samples did not explode un- 
til 25 atmospheres of oxygen had been introduced, and these samples seemed 
t o  burn t o  completion. Carbon and boron analyses were performed on the 
combustion products with the  following resul ts :  
percent carbon = 67.9 
Run percent boron = 15.5 
Run 2 percent carbon = 66.7 percent boron = 15.9 
These data indicate tha t  the heat of combustion reported represents 
approx5mately 98 percent combustion and, therefore, a more reasonable 
value would be 19,075 ;t 150 Btu per pound. 
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The net heat of corzibustion of diborane i s  reported as  31,373 Btu per 
pound ( ref .  6 ) ,  and the grogs value f o r  l iquid 1,s-butadiene i s  20,047 
b.a Btu per pound (net value, 19,007 ~ t u / l b )  ( re f .  7).  It is d i f f i c u l t  t o  
understand why the heating value f o r  the reaction product of diborane 
with 1,3-butadiene i s  roughly the same as fo r  butadiene alone, unless 
one assumes tha t  the product had already become partially-oxidized 
during i ts  preparation. The presence of a white precipi ta te  i n  the mater- 
i a l  when received lends support t o  t h i s  suggestion. I f  tank nitrogen was 
W o used without purif icat ion i n  the  synthesis, the  oxygen may have entered i n  
(r, 
UI t h i s  way; the Lewis laboratory has found tha t  as much as  5 percent oxygen 
may be present i n  a given bo t t l e  when tank oil-pumped nitrogen i s  used. 
The wide discrepancy i n  the analyt ical  values given i n  tables  I and 
I1 cannot be explained a t  t h i s  time. 
Although the sample appeared t o  become more viscous on standing, i t s  
heating value did not change. I n  table 11, experiments 1 and 2 were made 
on samples sealed-off immediately a f t e r  opening the product tubes, whereas 
.A experiment 3 was made on a samgle sealed-off a f t e r  the product had re-  
mained i n  the helium-filled dry box a t  room temperature f o r  48 hours. 
'w 
Lewis Flight Propulsion Laboratory 
National Advisory Committee f o r  Aeronautics 
Cleveland, Ohio, August 5, 1953 
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T a m  I. - AWALYSf S OF PRODUCT 
REPORTED BY MATHIESON 
CHEMICAL COW. 
Constituent Percent 
Carbon 55 
Boron 20 
Hydrogen - 11 
Total 8 6 
TABU3 11. - REAT-OF-COMBUSTION DATA FCR PRODUCT 
OF REACTION OF DIBORCSNE AIBD 1 ,3  BUTADIEmE 
Experiment 
I 
Gross uncorrected 
heating values, 
~ t u / l b  
1 
2 
3 
Average 
value 
Corrected 
net value 
19,915 
19,746 
20,000 
19,887f150 
18,700+150 
66.4 
65.7 
67.2 
66.4 
15.7 
15.4 
15.4 
15.5 
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